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A LIFE HISTORY STUDY OF THE SNAKE RIVER PLAINS ENDEMIC
LEPIDIUM PAPILLIFERUM (BRASSICACEAE)
Susan E. Meyer1,3, Dana Quinney2, and Jay Weaver2
ABSTRACT.—Lepidium papilliferum is an ephemeral species that occupies “slick spot” microhabitats in the matrix of
sagebrush steppe vegetation of the southwestern Snake River plains, Idaho, USA. We related population demographic
data collected from 1993 to 1996 to on-site precipitation data on the Orchard Training Area west of Boise. We also carried
out field seed-retrieval and in situ seed bank studies. We found that L. papilliferum has a dual life history strategy. A
fraction of each cohort sets seed as summer annuals, while the remaining plants remain vegetative and potentially biennial. Surviving biennials flower and set seed along with the annual cohort of the following year. The switch to flowering
as an annual appears to be based on threshold rosette size. Probability of survival to flowering was much lower for biennials than for annuals of the same cohort, but surviving biennials sometimes had enhanced seed production. The summerdry environment of the Snake River plains combined with the slick spot habitat has apparently selected for a primarily
summer annual life cycle for this species. Seeds were highly dormant at dispersal and were not responsive to dormancybreaking cues. Those from a given cohort of L. papilliferum remained viable in the soil for at least 11 years. This persistent seed bank provides a buffer against extinction in sequences of years when seed production is low or absent. Estimated
seed bank size varied from near zero for a heavily disturbed site that formerly supported the species to 18 viable seeds ⋅
dm–2 for an extant population in high-quality habitat. Management for population preservation for L. papilliferum should
focus on protecting the seed bank from destruction caused by livestock trampling and other anthropogenic disturbances.
Key words: Lepidium papilliferum, endangered species, demography, life history strategy, rare plant, seed bank
dynamics, slickspot peppergrass, desert, Idaho.

The current renaissance in the study of the
population biology of plants began with the
publication of the pivotal book by Harper (1977).
The field also received impetus, especially for
rare plants, with the passage of the Endangered
Species Act in 1973. It has become increasingly clear since then that information beyond
detailed geographic distribution, or even beyond
census data generated by most monitoring
programs, is necessary to critically assess the
conservation status of rare plants or to project
likely outcomes of various management actions
(Schemske et al. 1994). In contrast to monitoring, demographic studies establish the basic
features of species life history and can help
identify life history stages that are particularly
vulnerable to negative impacts. In the study
reported here, we used a demographic approach
to characterize the life history of the Snake River
plains endemic Lepidium papilliferum. We used
the resulting information to make inferences
about the impacts of management activities. A
more complete understanding of L. papilliferum
life history strategy will greatly facilitate in-

formed decisions regarding management for
preservation of this unique plant species.
Lepidium papilliferum has the highest documented extirpation rate of any of Idaho’s rare
plant taxa, due largely to the combination of
outright loss and dramatic ecological decline of
its sagebrush steppe habitat (Michael Mancuso,
Conservation Data Center, Idaho Department
of Fish and Game, unpublished reports). It has
been the object of intensive monitoring efforts
for over a decade, especially on the Idaho Army
National Guard Orchard Training Area (OTA)
southwest of Boise (Quinney 1998). The species
was formally proposed for listing as endangered
by the U.S. Fish and Wildlife Service (2002).
Lepidium papilliferum is limited in its distribution to the southwestern Snake River
plains, Idaho, USA (Fig. 1). According to the
Conservation Data Center, Idaho Department
of Fish and Game, there are 42 populations or
metapopulations (element occurrences) known
to be extant (Mancuso and Moseley, unpublished report, 1998). Many of these populations
are very small, but a few metapopulations are
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Fig. 1. Map of current known geographic distribution of Lepidium papilliferum and the location of the metapopulation
containing the States study site and associated areas where supplemental data were taken (note white arrow indicating
location). Data source: Conservation Data Center, Idaho Department of Fish and Game.

large and can include thousands of plants in
years of favorable spring precipitation. Lepidium papilliferum is related to the more southerly and more widely distributed taxon L.
montanum Nutt., a biennial to short-lived perennial, and was formerly considered a variety of
that taxon. Lepidium papilliferum is found in
the sagebrush steppe vegetation type on shallow
to deep loess soils that are underlain primarily
by basaltic bedrock (Fisher et al. 1996). The
climatic regime of this region is characterized
by low and variable winter and spring precipitation and dry summers, with a mean annual
precipitation of 250 mm (Kuna, ID, the most

comparable nearby long-term weather station).
Lepidium papilliferum is specialized to occupy
a particular microhabitat within the sagebrush
steppe vegetation of the Snake River plains,
namely the “slick spots” that are small-scale
sites of water accumulation in the gently undulating landscape. Seedlings of the dominant
perennial species are usually excluded from
slick spots, presumably because of their inability to tolerate winter flooding. Slick-spot soils
are characterized by higher clay content and
salinity than adjacent zonal soils as well as lower
organic matter content (Fisher et al. 1996). The
slick spots represent an environment where
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spring water availability extends into the summer, an advantage to species that can tolerate
or escape the associated disadvantages.
Field observations made on the OTA, southwest of Boise, in 1990–1992 revealed that L.
papilliferum has a dual life history strategy.
Seedlings emerged in early spring. Plants that
survived until June either flowered and set seed
immediately, functioning as summer annuals,
or remained vegetative. Vegetative individuals
that survived functioned as biennials, flowering
and setting seed with the annual cohort of the
subsequent year. Successful biennials appeared
to have higher reproductive output than the
annuals that set seed with them, but their
chances of surviving to reproduction seemed
greatly reduced. We used these preliminary observations as the basis for the study reported
here. We wished to document the existence of
the 2 life history forms, to quantify the survival
and reproductive output of annuals versus biennials, and to relate variation in demographic
parameters to between-year differences in
precipitation. In addition, we wanted to examine the role of seed dormancy and of the seed
bank in population persistence and to estimate
the size of the in situ seed bank.
MATERIALS AND METHODS
Study Site Selection
The distribution of Lepidium papilliferum
on the OTA was mapped in some detail in
1990–1992. The States study site, in the White
Dog area (43°16′49.5″N, 116°04′3.9″W, 970 m),
was chosen for detailed demographic study. It
was known to support thousands of L. papilliferum plants in years of high spring rainfall
and was surrounded by sagebrush steppe vegetation in relatively good ecological condition.
Supplemental data were also collected in the
nearby Red Tie, Orchard Corner, South Standifer, and T Rex Hill study sites. The States
site consists of a series of 12 subpopulations in
microsites varying in size from 9 m2 to 165
m2, with a combined total area of approximately 600 m2. The microsites are scattered
through the matrix vegetation over an area of
approximately 2 ha. Only the microsites themselves are considered potential habitat for the
species, which is found only rarely in the matrix
vegetation (Quinney 1998).
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Census Data and Survival
Lepidium papilliferum plants were first
censused at the States study site in early April
1993, when all overwintering plants (1992
cohort) were tagged. We tagged individuals of
the 1993 cohort as they appeared in 4 microsites; detailed count data were obtained from
the other 8. The microsites were censused every
3 weeks through fruit set in late June. At each
census the status of each tagged plant was
recorded as vegetative, budding, flowering,
fruiting, dead, or missing; the number of untagged plants in the first 4 categories was obtained for the microsites with untagged plants.
All plants alive and vegetative at fruiting time
in mid-June 1993 were then tagged and followed at monthly intervals. Similar procedures
were followed for the 1994 and 1995 cohorts,
except that it was possible to tag plants in all
12 microsites from the time of recruitment for
these cohorts because of their lower numbers.
From these data we determined numbers for
the recruited cohort, the fraction surviving until
flowering time, the fraction to flower as annuals,
the fraction to remain vegetative and potentially biennial, and the fraction of biennial hopefuls to oversummer and overwinter successfully.
Size Class Distributions and
Reproductive Output
At flowering time in June 1993 and 1994, we
measured the rosette diameter of each tagged
plant. Size class distributions based on intervals of 10 mm were prepared for the flowering
biennial cohort, the flowering annual cohort,
and the vegetative (potentially biennial) cohort.
To determine the relationship between
rosette diameter and seed output, we tagged
and measured a set of plants (n = 54) chosen
to represent the full range of sizes in 1993. We
avoided destructive sampling at the States study
site, choosing instead to sample at the nearby
and similar Red Tie study site. Plants were
then harvested prior to seed dispersal and
their dry mass was determined. We counted
fruiting pedicels and total seed number and
obtained total seed mass for a subset of these
plants (n = 33). Because ovule number in the
genus Lepidium is fixed at 2, we could calculate fruit fill percentages as well as seed yield.
We harvested and processed a similar set of
plants from Red Tie in 1994 (n = 34).
We used linear regression to relate plant
dry mass to rosette diameter. To relate seed
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number to plant dry mass, we used analysis of
covariance with year as the class variable and
plant dry mass as the continuous variable.
Variables were transformed as necessary to obtain linear relationships. To examine the effect
of year on mean fruit fill and mean individual
seed mass, we used 1-way analysis of variance.
To estimate total seed production and average seed output per plant for annuals and
biennials in 1993 and 1994, we combined size
class distribution data from the States study
site with regressions relating plant size to seed
production.
Seed Germination and
Retrieval Studies
Laboratory seed germination studies were
carried out with 1991, 1992, and 1993 L. papilliferum collections from the Orchard Corner
and T Rex Hill sites. These included various
combinations of high-temperature (30°, 40°,
and 50°C) dry after-ripening, incubation at
superoptimal temperature, moist chilling, and
gibberellic acid treatments prior to incubation
at a range of temperatures considered likely to
be optimal. These experiments are not described
in detail because the resulting germination
percentages were consistently very low.
We used an artificial seed bank retrieval
approach with seeds of known age to study
patterns of seed bank persistence and seed
germination under field conditions. The study,
which included T Rex Hill seed collections from
1991 and 1992, was installed in August 1992 at
the Orchard Corner study site, a location where
the plots could be fenced. We enclosed groups
of 100 seeds in flat nylon mesh bags, 5 × 5 cm.
These were placed in sets (1 bag for each seed
collection) in a typical microsite habitat, buried
under 5–10 mm of soil, and covered with 1cm-mesh hardware cloth cones to protect them
from disturbance. We set the cones out in 3
blocks with 25 cones in each block. Seed bags
were retrieved at intervals, at first very frequently and then with decreasing frequency,
over a period of 11 winters (August 1992–June
2003). One set of bags from each block was
retrieved on each of 19 dates.
If the retrieval took place when the ground
was wet, we first counted any recently germinated seeds. The remaining intact seeds were
then placed on blotters in petri dishes in an
incubator at 10°/20°C with a 12-hour photo-
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period for 2 weeks, and the number of germinated seeds was scored. We then determined
viability of the remaining seeds using tetrazolium staining. For the tetrazolium viability
evaluation, we immersed seeds in 1% tetrazolium solution for 24 hours at room temperature. We then bisected the seeds and scored as
viable those with firm, uniformly red embryos.
Retrieved seeds were therefore classified as
recently germinated, germinable, dormant, or
dead. The difference between the sum of these
fractions and the number of seeds initially viable
(100) was assumed to represent seeds that had
germinated in earlier episodes. Examination
of the sum across all years of seeds actually observed to be recently germinated corroborated
this approach.
In Situ Seed Bank Study
We did not attempt to directly quantify the
in situ seed bank at the States study site because we did not want to disturb the seed bank
during the course of the demographic study.
We later realized that it would be helpful to
develop a method for evaluating the seed bank
directly, particularly from a management perspective. We chose microsites in 3 adjacent
OTA locations with different histories of L.
papilliferum abundance: Orchard Corner, South
Standifer, and T Rex Hill. At Orchard Corner
the population of L. papilliferum had apparently become extirpated some years earlier.
Although it once had a steady and plentiful
population, heavy livestock use damaged the
site and it has not recovered. The South Standifer site is characterized by moderate, yet consistent L. papilliferum populations every year,
while the T Rex Hill site houses an exceptional example of a population that contains
hundreds of plants annually.
We collected seed bank samples in October
2002. From 1 microsite at each of the 3 sites,
21 seed bank sample locations (3 × 3 cm) were
randomly selected, 7 each from the center, the
edge, and the intermediate band between the
center and the edge (middle). For each of these
sample points, the potentially seed-containing
soil was carefully removed by layers into ziplock bags. These layers were the surface silt
layer, clay hardpan layer, and subsurface clay
layer. These layers were collected separately
regardless of their thickness. The depth of each
sample excavation varied depending on the
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thickness of the layers. The lowermost layer
was collected to a depth of no more than 6 cm.
Soil was dry at the time of sampling.
Each of the 189 seed bank samples (3 sites
× 3 positions × 3 layers × 7 replications) was
processed individually. First, the sample was
emptied onto the surface of a small, fine-mesh
soil sieve, and the fine soil (most of each sample)
was washed through the sieve with running
water. The clay hardpan material became quite
soft when wet and could easily be broken up
and washed away without damage to the seeds.
The coarse fraction remaining on the sieve,
which contained the seeds, was spread to dry
on a labeled paper towel. Once the sample
was dry, it was processed by hand to extract
the seeds. Seeds of all species were extracted,
separated by species, and counted. Seeds of 3
species were found: Lepidium papilliferum, L.
perfoliatum (clasping peppergrass), and Ranunculus testiculatus (bur buttercup). The latter 2
species are common annual weeds on the Snake
River plains. Seeds of the 2 Lepidium species
could easily be distinguished by size; the weedy
species has much larger seeds.
Weed seeds were not processed further, but
L. papilliferum seeds were subjected to additional procedures. Seeds were placed on moistened germination blotters in petri dishes and
incubated at room temperature for 5 days. At
the end of this time, germinated seeds were
counted and removed, and the remaining seeds
were pierced (an artificial method for obtaining
seedlings from dormant seeds) and incubated
for another 5 days. Germinated seeds were
again counted and removed, and the remaining
seeds were subjected to tetrazolium staining
as described above to determine whether they
were viable. Total seed number, readily germinable seed number, number of seeds germinable
after piercing, and number of nongerminable
seeds staining viable were recorded for each
sample. Data were analyzed using analysis of
variance.
RESULTS
Census Data and Survival
Examination of the demographic data for
the 1993, 1994, and 1995 cohorts showed widely
varying patterns of recruitment and survival
among years (Table 1). Growing season precipitation was above average in 1993 (Table 2),
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and the 1993 recruited cohort was by far the
largest observed. The fraction that functioned
as summer annuals was high (78%). Average
seed production for these annual plants was
125 seeds per plant. Overwintered biennials
of the 1992 cohort had an average seed output
of 787, six times higher than the average annual.
The biennial hopeful cohort exhibited relatively
high over-summer survival (22%), with summer precipitation almost twice the long-term
average (Table 2). Twelve percent of the biennial hopeful cohort survived to flower with the
annuals of the 1994 cohort.
Growing season precipitation was below
average in 1994, and the recruited cohort was
small (Tables 1, 2). Most surviving plants failed
to flower, with only 29% of the cohort functioning as annuals. Seed output per plant was
also low, and the difference between seed production by annuals (46 per plant) and biennials (105 per plant) was not as evident. Because
of this strong contrast in environmental quality between years, annuals of the 1993 cohort
actually averaged higher seed production than
surviving biennials of that cohort. Biennial hopefuls also fared poorly in 1994, with complete
over-summer mortality due to summer precipitation well below the average (Table 2).
Growing season precipitation for the 1995
cohort was near the average, and the recruited
cohort was intermediate in size (Tables 1, 2).
About two-thirds of the surviving plants functioned as summer annuals. There were no
overwintered biennials because of complete
summer mortality the previous summer. Summer precipitation was well above average in
1995, resulting in almost 60% over-summer
survival of biennial hopefuls. Twenty-three percent of the 1995 biennial hopeful cohort survived to set fruit in the summer of 1996.
The 3 years of our study had contrasting
weather scenarios, permitting us to infer some
relationships between weather patterns and
demographic response. Late winter precipitation appeared most important in mediating
the size of the recruited cohort, with a large
increase in the number of seedlings recruited
with increased February–March precipitation.
Survival of potential biennials was tied primarily to summer precipitation, with increased
survival in years with substantial summer rainfall. But it was also influenced negatively by
early winter precipitation. Heavy early winter
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TABLE 1. Measured Lepidium papilliferum demographic data for the years 1993–1996 at the States study site on the
Orchard Training Area, southwestern Idaho.

Demographic measure

Year
_____________________________________________________
1993
1994
1995
1996

Established cohort
Fruiting annualsa
Biennial hopefulsa
Over-summered biennial hopefulsb
Fruiting biennials from previous yearc
Mean seed output of an annual plantd
Mean seed output of a biennial plantd
Estimated seed raine

4065
2503
708
156
60
125
787
360,095

203
46
110
0
85
46
105
11,041

833
384
216
123
0
na
na
na

na
2
0
0
49
na
na
na

aFruiting annuals plus biennial hopefuls represent the subset of each spring-established cohort alive at fruiting time in June.
bThe subset of biennial hopefuls alive at the end of the summer.
cThe subset of over-summered biennial hopefuls from the previous year that survived to set fruit with the annual cohort of the subsequent year.
dEstimated for plants present in a calendar year, i.e., for current-year annuals and biennials established the previous year.
eCalculated by multiplying the number of plants by the mean seed output per plant for annuals and for biennials, then summing the 2 numbers.

TABLE 2. Precipitation data (mm) for key seasons from the Orchard Training Area Range 2 weather station for the
period 1991–1997, along with long-term means for these key seasons from Kuna, ID, the most climatically comparable
NOAA weather station in the area.
Kuna, ID,
long-term
mean

Season
Early winter (N-D-J)
Late winter (F-M)
Spring (A-M)
Growing season (F-M-A-M)
Summer (J-J-A)
Water year (10/1–9/30)

55
49
54
104
33
250

OTA Range 2 weather station
year of record
____________________________________________________
1992
1993
1994
1995
1996
46
35
20
55
46
169

precipitation tends to maintain the microsites
in a flooded condition, with subsequent mortality the following spring, particularly of rosettes
located in microsite centers where water stands
longer (Quinney personal observation).
Size Class Distributions and
Reproductive Output
Size class distributions for plants present in
June 1993 and 1994 showed major differences
between years (Fig. 2). In 1993 the plants of
the overwintered 1992 biennial cohort were
mostly in the middle to large size classes, with
a mode of 55 mm. The modal size class for the
1993 annuals was 25 mm, while nonreproductive (biennial hopeful) plants were concentrated
in the smallest size classes (5–15 mm). In 1994
the modal class for overwintered 1993 biennials was 25 mm. The modal class for 1994 annuals was 5 mm, but there was considerable

60
93
44
137
62
279

36
27
46
73
9
138

88
49
52
101
80
288

116
44
58
102
7
243

spread. Nonreproductive plants, the majority
of the surviving cohort that year, were almost
exclusively members of the smallest size class
(5 mm). These results suggest that (1) mean plant
size is positively related to growing season
precipitation, (2) overwintering biennials grow
larger in response to high growing season precipitation than annuals, and (3) flowering as an
annual is based primarily on achieving a minimum resource status and consequent threshold size, as nonflowering individuals are consistently concentrated in the smallest classes.
Rosette diameter at flowering was a good
predictor of fruiting plant dry mass (Fig. 3A).
This relationship was linear when both variables were expressed on log scales. Analysis of
covariance showed that plant dry mass was in
turn a good predictor of seed number per plant
(Fig. 3B; F = 403, df = 1,62, P < 0.0001). Slopes
were not significantly different between years
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Fig. 2. Size class distributions (based on rosette diameter at flowering) for L. papilliferum fruiting biennials (overwintering cohort), fruiting annuals (annual cohort), and biennial hopefuls (vegetative cohort) at the States study site in June
1993 and 1994.

(F = 0.3, df = 1,62, n.s.), but there was a significant between-year difference in the elevation of this linear relationship (F = 5.02, df =
1,62 P < 0.05). More seeds were set on average per unit of plant mass in 1993, the wet
year, than in 1994, the dry year. One reason for
this is that the fill percentage was significantly
higher in 1993 than in 1994 (69% vs. 45%; F =
17.2, df = 1,35, P < 0.0002). Individual seed
mass was also significantly higher in the wet
year (0.44 mg vs. 0.36 mg; F = 22.0, df =
1,60, P < 0.0001).
Combining the size class and reproductive
output data permitted us to estimate total L.
papilliferum seed rain at the States study site
for both 1993 and 1994. The combination of
fewer plants and smaller plants resulted in a
33-fold decrease in estimated seed rain in 1994
relative to 1993 (Table 1).
Seed Germination and
Retrieval Studies
The highest germination percentage obtained
in any of the laboratory seed germination experiments was 10%, in response to 6 weeks of
dry after-ripening at 50°C followed by 8 weeks
of moist chilling. Most treatments yielded no
germination. The seeds thus exhibit a high de-

gree of cue nonresponsive primary dormancy.
Seed viability as determined by tetrazolium
staining was consistently very high (>95%).
In the field seed-retrieval study at Orchard
Corner, no seeds germinated during the 1st
winter (1993), despite tens of thousands of L.
papilliferum seedlings that established from
the in situ seed bank on the OTA during this
period of above-average precipitation (Table 2,
Fig. 4). We conclude that few, if any, of these
naturally occurring seedlings were generated
from seeds produced the previous summer.
Field seed germination was observed only
in late winter and early spring retrievals (Fig.
4). Germination pulses were observed in 1994,
1995, and 1996 at levels that were apparently
unrelated to precipitation regimes. We unfortunately do not have observational data on
field germination for the period 1997–2003,
but remaining viable seed percentages in the
1999, 2000, and 2003 early summer retrievals
suggest that this pattern of germination of
approximately 6% of the initially viable seeds
per year continued.
Some seeds lost viability in the field retrieval bags before germinating (Fig. 4). We
first began to detect these nonviable seeds in
the 2nd year of the retrieval, and by the end of

18

WESTERN NORTH AMERICAN NATURALIST

[Volume 65

Fig. 3. The relationship between (A) L. papilliferum rosette diameter and plant dry mass (statistics from linear regression) and (B) plant dry mass and seed production for plants measured at flowering, then harvested just before seed dispersal in 1993 and 1994 (statistics from analysis of covariance).

8 winters approximately 25% of the seeds were
nonviable. This average annual 3% loss of viability also appears to be largely independent
of yearly weather variation. The combined
effects of germination and viability loss are
thus 9% of the original seed cohort per year
after the 1st year, yielding a maximum longevity of 12 years for seeds in the seed bank.
This estimate of seed longevity was confirmed

by data from seed retrieval in June 2003, which
showed a small but measurable fraction of the
seeds still alive after 11 winters in the ground
(Fig. 4).
Most seeds in the seed-retrieval experiment
at any given time were dormant, which is
apparently how they avoided germination and
were able to persist as seeds through multiple
winters (Fig. 4). The 2 seed populations in the
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Fig. 4. Results of an 11-year seed-retrieval experiment with 1991 and 1992 L. papilliferum seed collections installed at
Orchard Corner in August 1992. The difference between inverted triangles and triangles represents the seed fraction
that lost viability without germinating.

retrieval experiment were somewhat different
in their patterns of dormancy loss and subsequent germination. The 1991 population showed
higher levels of dormancy, especially over the
first few years, and also showed a slightly
higher rate of viability loss (Fig. 4). Both seed
collections apparently contained a fraction that
could reenter dormancy after becoming temporarily germinable in the summer. This fraction was evident for the 1992 collection in the
fall of 1992, soon after experiment initiation. It
was also evident and quite large for the 1991
collection in the fall of 1994. The 1992 collection
also contained a fraction that lost dormancy in
the summer of 1994, but most nondormant
seeds of the 1992 collection germinated the
following spring rather than reentering dormancy, whereas most of the nondormant 1991
seeds reentered dormancy.
In Situ Seed Bank Study
There were large differences among sites in
the estimated size of the in situ L. papilliferum
seed bank (expressed in terms of number of
viable seeds ⋅ dm–2; Fig. 5). As expected, the
microsite at the degraded Orchard Corner loca-

tion had the smallest seed bank. In 63 Orchard
Corner samples, only a single viable seed was
isolated, from the clay subsoil layer in the center of the microsite, for an estimated seed density of <1 ⋅ dm–2. The microsite at the most
pristine location, T Rex Hill, had an estimated
seed density of 18 ⋅ dm–2, while the South
Standifer microsite showed an intermediate
seed density (7.4 ⋅ dm–2). Densities were calculated by summing numbers across soil layers.
If we consider that perhaps seeds in the clay
subsoil layer are too deeply buried to be part
of the active seed bank, these numbers would
change to 0 ⋅ dm–2 for Orchard Corner, 7.4 ⋅
dm–2 for South Standifer, and 10.6 ⋅ dm–2 for
T Rex Hill.
In analysis of variance with location, microsite position, and soil layer as fixed main effects
and log-transformed viable seed number ⋅ dm–2
as the response variable, a significant difference among locations occurred as suggested
above (F = 5.27, df = 2,162, P < 0.005; Fig. 5).
The difference among positions within microsites was also marginally significant (F = 2.51,
df = 2,162, P < 0.084). Samples taken from
the middle zone of the microsite had more
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sample too great to detect small differences,
even if present.
If we assume that the T Rex Hill microsite
in the seed bank study is comparable to the
States study site during the demographic study
in terms of seed bank size, we would arrive at
an estimate of 1,080,000 viable seeds in the
seed bank in the 12 combined microsites of
the States site (600 m2). If we exclude seeds in
the subsoil from this calculation, the total estimated seed bank at the States study site during the demographic study would be 696,000.
Of the viable seeds extracted from soil samples in the in situ seed bank study, 38% germinated without treatment, 50% germinated after
piercing, and the remaining 12% did not germinate but were scored as viable in the tetrazolium test. Germinable seed percentages were
thus somewhat comparable to those observed
in the 1994 autumn retrieval (Fig. 3). It is not
known whether these seeds would subsequently
have reentered dormancy or germinated.
DISCUSSION

Fig. 5. Number of viable Lepidium papilliferum seeds ⋅
dm–2 recovered in October 2003 from microsites at 3 sampling locations, from 3 positions within each microsite,
and from 3 soil layers at each position. Values are means
of 7 replicates. See text for statistical interpretation.

viable seeds than those taken from the edges
and the centers (Fig. 5). There was no significant difference in seed numbers among soil
layers (F = 1.71, df = 2,62, P < 0.171), although we observed a trend for increased
numbers of seeds in the surface silt layer (Fig.
5). The low value for proportion of variance
accounted for by the model in the overall
ANOVA (0.226, P = 0.0134) suggests that replicate number in this preliminary study was
probably too low and variation from sample to

In adapting to the environment of the Snake
River plains, L. papilliferum has undergone
modifications in its life history strategy relative to its close congener and putative ancestor L. montanum, a widely distributed species
with wide ecological amplitude that is found
in a variety of open habitats in arid to semiarid
regions of the southern Intermountain area.
Most obvious of these life history changes is
the shift from biennial to summer annual as the
primary life history expression. The dry summers in southwestern Idaho have apparently
applied strong selection pressure in the direction of the annual habit. Even in years when
biennials are successful, their contribution to
the seed rain may be small, and in some years,
such as 1995, they make no contribution at all
(Table 1). Life history theory predicts that the
optimum strategy in terms of fitness or reproductive output for monocarpic plants is achieved
through reproduction at the age where the
product of survival and fecundity is maximized
(Silvertown and Charlesworth 2001). Thus,
longer lifespan is expected under circumstances
where the survival curve is concave, with higher
survival for older plants than for seedlings,
and where fecundity increases steeply with
age. A shift to an annual life history strategy,
on the other hand, is expected when mortality
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is higher for older plants than for seedlings,
and when the increase in fecundity with age is
not sufficient to counterbalance this greater
risk of mortality.
Many species exhibit life history variation
that includes both annuals and biennials. These
contrasting life histories may result from genetic
differentiation (Terborg et al. 1980, Lacey 1988),
or they may represent a plastic response to
growing conditions (Lee and Hamrick 1983).
There is ample theoretical treatment of the relative advantages of the annual versus biennial
life history strategy (Hart 1977, Silvertown 1983,
Kelly 1985). The crux of these arguments seems
to depend on whether population growth rate
or reproductive output per plant is the best
measure of fitness. When there is a long-lived
seed bank and only episodic stand establishment, the delay in reproduction experienced
by biennials is largely unimportant, even though
it lowers the population growth rate (Kelly
1985). More important is the question of
whether the increased reproductive output of a
biennial can compensate for its increased risk
of pre-reproductive mortality, as described
above. In L. papilliferum the answer is often
negative. Depending on the sequence of years,
there may not even be increased fecundity for
biennial members of a cohort, and their mortality risk under the current summer-dry climate
scenario appears to be high. This leads to the
question of why biennials persist in the population at all. The difference between annuals
and biennials is unlikely to be genotypic in this
species, as selection would be likely to eliminate the biennial biotype. But plants that are
too small to set seed in the current year have
nothing to lose, so to speak, by attempting to
function as biennials. The annual-biennial decision is probably made as a plastic response,
so that larger plants, which stand a good chance
of seed production as annuals, flower as annuals, while the smallest plants, that would probably not successfully set seed as annuals, are
programmed to wait until the following year.
The role of climatic variation in the persistence of the biennial life history strategy in L.
papilliferum could best be addressed through
simulation modeling using long-term stochastic variation in precipitation as a driver variable. It may be that the sequence of years we
sampled was insufficient to estimate the contribution of the biennial subset of the population to the seed bank in the long term.
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The nature of the environmental control of
floral initiation is clearly a key aspect of these
contrasting life history expressions (Klinkhamer
et al. 1987). One possible explanation of the
shift to the annual habit is elimination of the
vernalization requirement that would prevent
1st-year flowering in biennials, as has happened
in southern European biotypes of wild beet
(van Dijk et al. 1997). If this were then coupled with a size or resource requirement for
the photoinduction of flowering, the result
might be the one we observed, namely that
larger plants function as annuals, while the
smallest plants attempt to delay reproduction
until the return of long days the following
spring, when they are able to reach the threshold size for floral induction.
Another major change in life history strategy for L. papilliferum is the evolution of cue
nonresponsive seed dormancy that permits
seeds to persist in the seed bank. The evolution of persistent propagule banks in stochastically varying environments is also predicted
by a large body of theoretical literature (Cohen
1966, Brown and Venable 1986, Tuljapurkar
and Istock 1993). Without a persistent seed
bank, L. papilliferum probably could not succeed as an annual in its stochastically varying
habitat. Lepidium montanum, in contrast, has
largely nondormant seeds, as does the closely
related shrubby species L. fremontii Wats. of
the Mojave Desert (Meyer unpublished data).
This suggests that the persistent seed bank
and the annual strategy go hand in hand, as L.
fremontii inhabits an even more arid environment than L. papilliferum, but is long-lived
and thus less in need of a persistent seed
bank. This conclusion is supported by the fact
that L. lasiocarpum Nutt. ex Torr. and Gray, an
annual species of the warm deserts of the
Southwest, has cue nonresponsive dormancy
and forms persistent seed banks (Philippi 1993).
In contrast, the seeds of L. davisii Rollins, a
long-lived herbaceous species endemic to larger
dry lakes of the Snake River plains, show only
cue responsive dormancy and germinate in the
field within a year (Meyer and Quinney unpublished data).
We terminated our formal demographic
study at the States study site in 1996, but the
area has continued to be censused as part of
the monitoring program at the OTA. Starting
in 1996, the population at the study site went
into decline. Based on late winter and growing
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season precipitation, 1996 should have been a
reasonably good year for L. papilliferum (Table
2), and count data from the OTA in general
confirmed that it was (Quinney unpublished
data). But at the States site, there were only 2
individuals of the current year cohort present at
flowering time, even though we have evidence
that thousands of plants present in 1993 produced over 300,000 long-lived seeds (Table 1).
The overwintered biennials of the 1995 cohort
were still present in summer 1996, but there
was virtually no recruitment of new plants. This
recruitment failure was associated with extensive livestock trampling when the microsites
were filled with water earlier in the spring, an
event that “reduced them to pockmarked mush”
(Quinney and Weaver, field notes, 1996). In
1997 there were again only a handful of plants
at the study site, but in this case the low numbers could have been because of recruitment
failure associated with the exceptionally dry
late winter. Monitoring data over the subsequent years, however, have shown that the
population at the States study site has never
recovered. For example, in 2003, a year with
high L. papilliferum abundance overall in response to good spring precipitation, only 8
plants were observed at the States site, and 7
of these were clustered at one end of a single
microsite. We hypothesize that the severe
trampling disturbance in the spring of 1996 in
some way disrupted or buried the in situ seed
bank. It is not likely that the observed population decline there can be explained in terms of
weather patterns alone.
The importance of the seed bank in management for population persistence of L. papilliferum cannot be overemphasized. There will
definitely be years when no actively growing
plants are observed, but this is not necessarily
evidence that L. papilliferum is not present.
Recognition of the ephemeral nature of actively
growing plants has led to the development of a
Habitat Integrity Index for assessing the habitat quality and status of L. papilliferum populations using a method that does not rely exclusively on censusing (Moseley and Mancuso
unpublished report, Mancuso unpublished reports, Conservation Data Center, Idaho Department of Fish and Game). Threats to L. papilliferum habitat include wildfire, weed invasion,
off-road vehicular traffic, land conversion, and
livestock disturbance (Mosely unpublished report, Mancuso unpublished report). Military
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training also poses a potential threat, but, at
least on the OTA, this threat is minimal because
L. papilliferum population centers have been
voluntarily placed off limits to all military training for over 10 years. These areas are still grazed
by both cattle and sheep, however. While livestock rarely consume the plants, they have
been observed to destroy many individuals
through uprooting, defecation, and trampling
(Quinney and Weaver unpublished data). And
because there is no natural surface water in
the area, other than the slick spots, livestock
are attracted to them at just the time when
trampling does the most damage to slick spot
hydrology and soil structure and presumably
to the persistent seed bank as well.
It is also important to recognize that many
of the practices commonly used to revegetate
sagebrush steppe communities after wildfire,
including the introduction of slick spot–adapted
exotic reclamation species like Kochia prostrata
(L.) Schrader, the use of preemergent herbicides, and the use of seeding equipment, such
as the rangeland drill that disrupts the soil
surface, may have serious negative effects on
L. papilliferum habitat and on the status of the
in situ seed bank (Mancuso unpublished report,
Scholten 2000). We have clear evidence to suggest that any form of soil disturbance is likely
to have a deleterious effect on the in situ seed
bank and therefore on the probability of successful recruitment episodes in subsequent
years. Until we have more comprehensive data
on the status of L. papilliferum seed banks in
relation to variation in slick spot soils, hydrology, and disturbance regime, the most prudent
approach to preservation of this species is to
manage all potential habitat as if it were currently occupied by L. papilliferum. This means
keeping all forms of surface disturbance to a
minimum.
ACKNOWLEDGMENTS
This research was supported in part by the
Department of Defense Legacy Program. Members of the OTA research technical staff provided valuable field assistance each season.
Megan Ferguson carried out the in situ seed
bank sample analyses.
LITERATURE CITED
BROWN, J.S., AND D.L. VENABLE. 1986. Evolutionary ecology of seed-bank annuals in temporally varying environments. American Naturalist 127:31–47.

2005]

LEPIDIUM PAPILLIFERUM LIFE HISTORY

COHEN, D. 1966. Optimizing reproduction in a randomly
varying environment. Journal of Theoretical Biology
12:119–129.
FISHER, H., L. ESLICK, AND M. SEYFRIED. 1996. Edaphic
factors that characterize the distribution of Lepidium
papilliferum. Bureau of Land Management, Idaho
State Office, Technical Bulletin 96-6. 23 pp.
HARPER, J.L. 1977. The population biology of plants. Academic Press, London.
HART, R. 1977. Why are biennials so few? American Naturalist 111:792–799.
KELLY, D. 1985. Why are biennials so maligned? American Naturalist 125:473–479.
KLINKHAMER, P.G.L., T.J. DEJONG, AND E. MEELIS. 1987.
Life history variation and the control of flowering in
short-lived monocarps. Oikos 49:309–314.
LACEY, E.P. 1988. Latitudinal variation in reproductive timing in a short-lived monocarp, Daucus carota (Apiaceae). Ecology 69:220–232.
LEE, J.M., AND J.L. HAMRICK. 1983. Demography of two
natural populations of musk thistle (Carduus nutans).
Journal of Ecology 71:923–936.
PHILIPPI, T. 1993. Bet-hedging germination of desert
annuals: variation among populations and maternal
effects in Lepidium lasiocarpum. American Naturalist 142:488–507.
QUINNEY, D. 1998. LEPA (Lepidium papilliferum). Natural
Resources Group, Environmental Management
Office, Idaho Army National Guard, Boise. 25 pp.
SCHEMSKE, D.W., B.C. HUSBAND, M.H. RUCKELSHAUS, C.
GOODWILLIE, I.M. PARKER, AND J.G. BISHOP. 1994.

23

Evaluating approaches to the conservation of rare
and endangered plants. Ecology 75:584–606.
SCHOLTEN, D. 2000. Effects of rangeland rehabilitation
practices on Lepidium papilliferum (Henderson) Nelson and McBride. Master’s thesis, University of Idaho,
Moscow.
SILVERTOWN, J.W. 1983. Why are biennials sometimes not
so few? American Naturalist 121:448–453.
SILVERTOWN, J.W., AND D. CHARLESWORTH. 2001. Introduction to plant population biology. 4th edition. Blackwell
Science, Oxford, UK. 347 pp.
TERBORG, S.J., A. JANSE, AND M.M. KWAK. 1980. Life cycle
variation in Pedicularis palustris. Acta Botanica Neerlandica 29:397–405.
TULJAPURKAR, S., AND C. ISTOCK. 1993. Environmental uncertainty and variable diapause. Theoretical Population Biology 43:251–280.
U.S. FISH AND WILDLIFE SERVICE. 2002. Endangered and
threatened wildlife and plants: listing the plant Lepidium papilliferum (slickspot peppergrass) as endangered. Federal Register 67(135):46441–46450.
VAN DIJK, H., P. BAUDRY, H. MCCOMBIE, AND P. VERNET.
1997. Flowering time in wild beet (Beta vulgaris ssp.
maritima) along a latitudinal cline. Acta Oecologica
48:47–60.
Received 5 December 2003
Accepted 18 May 2004

